Introduction

36
The expanded distribution of diverse ionic elements such as fluoride and arsenic in water as 37 result of diverse industry process or naturally occurring has generated interest from the scientific 38 researches since they are affecting human health in the world. In this context, the most substantial 39 inorganic pollutants in groundwater, stablished by the World Health Organization (WHO), are 40 fluoride (F -) and arsenic (As) [1] . 
111
Column studies
112
Adsorption processes design in a full scale involves a lot of time and expensive pilot plant 113 evaluations. These experiments could take several years. For prevent these expensive studies quick 114 laboratory experiments are employed. The small-scale fixed bed column test is, possibly the most 115 useful tool to evaluate adsorbents capacity to remove pollutants. In a series of column test were 116 studied the influence of the initial F -concentration (mg L -1 ) and empty bed contact time (EBCT, (min)).
117
According to several investigations [37] , a prediction of the variation of adsorption contaminants rate 118 on adsorbents as adsorbate concentration is difficult. If intraparticle diffusion is the main mechanism,
119
an equilibrium interfacial concentration should form rapidly that is followed by slow diffusion into 120 the adsorbent particles. Then, a simple dependence on solution concentration is not expected. limiting reaction step. When intraparticle transport limits the kinetic of an adsorption reaction, the 125 variation in reaction rate is not expected to be linear, whereas the rates of strictly adsorptive reactions 126 and simple diffusion-controlled processes are expected to be proportional to the of adsorbate´s 127 concetration.
the column, this parameter influences the shape of breakthrough curve and the volume to 130 breakthrough. The EBCT is resolved using equation (1) Figure 3 shows the coded presentation of the CCD for 2 factors.
153
Factorial designs with two levels (2 K ) have advantage in the total of experimental runs compared 
161
was generated by (Eq. (3)):
Where is the value of at the center point and represents the step change. The 
Where represents the coefficients of the interaction parameters and and < .
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where expresses the coefficients of the quadratic parameter and < .
182
An experiment can be optimized for examining the analysis of variance (ANOVA) 
204
Micrograph obtained from EMHS is shown in Fig. 2 , where the morphology of the sample 
211
Nitrogen adsorption-desorption isotherm and the BJH pore size distribution of EMHS are shown 212 in Fig. 3 . Usually, pores are classified according on the diameter as macropores (d > 50nm), 213 mesoporous (2 nm < d < 50 nm) and microporous (d < 2 nm). As can be seen in Fig. 3a 
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The results were also examined to verify the normality of the residuals. The normality of the 263 data can be identifying with a normal probability plot, this is a strategy for calculate if a data group 264 is normally distributed [40] . The difference between the predicted and the real value is called residual.
265
If the data are normally distributed, the values should be located on the plot close to the straight line.
266
In our results the data points were reasonably aligned with a straight line (data not shown),
267
suggesting normal distribution for the three variables of response. 
The value shows high correlation between the model (Eq 7) and the experimental data. In other 287 words, the experimental data fit the model very well. Figure 6 plots 
Figure 7 shows that is in function of F -concentration and EBCT. increase at the maximum 295 in the region between 2.5 and 4 mg L -1 of F -and between 0.7 and 0.8 min for EBCT.
296
The time required to saturate (saturation time, ) the adsorbent is one of the most important 
In contrast to the other response variables, the effect of both independent variables, F - 
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